The effects of nutritional level on glycogen content and pH of semimembranosus (SM) and semitendinosus ( S T ) rabbit muscles were investigated. Rabbits weaned at 30 d of age were fed one of three diets in which grain had been replaced with 0, 15, and 45% coast cross bermudagrass ( Cynodon dactylon Pers.). Muscles were sampled at .5, 3.5, 6.5, and 24 h after slaughter. Results showed that these isoenergetic and isoproteic diets did not affect the total number of days required for rabbits to attain 2 kg of live weight. The SM muscle of animals fed the 0% forage diet exhibited higher glycogen content than the SM muscle of rabbits maintained on 15 and 45% forage diets at all sampling times. At .5 h after slaughter, the glycogen content of SM from the 15 and 45% dietary groups was decreased by 65 and 79%, respectively, in relation to the 0% dietary group. For ST, glycogen content was higher only at the first sampling time for the 0% forage diet (diet with no addition of bermudagrass) when compared with animals maintained on diets with forage. For SM and ST, significant differences in muscle pH among dietary groups was observed at 6.5 and 24 h after slaughter, and rabbits maintained on a 45% forage diet showed a higher ultimate pH than animals fed 0 or 15% forage diets. These results demonstrate that grain replacement with forage in diets for rabbits causes a decrease in glycogen content in two types of muscles and results in higher ultimate pH, which may affect the shelflife quality of the meat.
Introduction
Literature data indicate generally that foragefinished animals produce meat of lower quality than do grain-finished animals (Bowling et al., 1977; Melton et al., 1982; Berry et al., 1988) . However, some studies did not corroborate this conclusion (Bidner et al., 1981; Solomon et al., 1986) . One muscle component that can considerably affect meat quality is the glycogen level at slaughter (Lawrie, 1967; Fernandez et al., 1992) . High glycogen content at slaughter is important to ensure ultimate pH values below 6.0, which is one of the most significant factors implicated in determining the shelflife quality of meat.
Various studies have evaluated the effect of forage inclusion level on rabbit growth (Hoover and Heitmann, 1971; Cheeke and Patton, 1978; Carregal, 1979; Champe and Maurice, 1983; de Blas et al., 1986; Gierus et al., 1993) , but, to our knowledge, studies are lacking concerning biochemical variables of muscle of rabbits maintained on diets containing different proportions of grain and forage. The purpose of the present study was to determine the effect of three diets containing increasing amounts of forage in place of corn on pH and glycogen content of semimembranosus ( SM) and semitendinosus ( ST) rabbit muscles.
Material and Methods
The study was conducted with 35 New Zealand white rabbits weaned at 30 to 35 d of postnatal life, with an initial weight of 805.7 ± 114.9 g. Rabbits were housed individually, and each animal was fed on an ad libitum basis from weaning to slaughter one of the three diets (compositions and chemical analyses are shown in Table 1 ). Bermudagrass hay was prepared as described by Gierus et al. (1993) . Rabbits had free access to water throughout the experiment. Feed intake and body weight gain were measured weekly, and the feed conversion rate was calculated. Rabbits were slaughtered by a blow to the neck, dressed, and the carcass was cooled to 2°C. The SM and ST muscles were sampled at .5, 3.5, 6.5, and 24 h postmortem.
Glycogen was determined using the anthrone reagent as described by Seifert et al. (1950) . In short, anthrone was dissolved in concentrated sulfuric acid ( 2 g anthrone/L H 2 SO 4 ) . This solution was cooled and maintained on ice. Anthrone reagent ( 2 mL) was added to .1 mL of glycogen extracted from muscles or to standard glycogen solutions. Tubes were maintained on ice and the anthrone reagent was added with continuous stirring. After this, tubes were put on boiling water for 10 min. Color was read at 620 nm. The pH was determined in 1-g muscle samples using a glass electrode. Immediately after weight determination, each sample was finely snipped with scissors under 5 mL of 80 mM KCl and 20 mM NaF solution, pH 6.8, in order to stop glycolysis and was homogenized 5 to 10 min after this prehomogenization with scissors.
Glycogen levels and pH were analyzed with a threeway ANOVA (three diets × two muscles × four sampling times), with the time factor treated as repeated measures. Because the analysis revealed a significant main effect of muscle type and also a diet × muscle × time interaction, we decided for the sake of clarity to perform a two-way ANOVA for each muscle type (three diets × four sampling times), with the time factor treated as repeated measures. Post-hoc comparisons were made when appropriate by Duncan's multiple range test. Growth performance and feed conversion rate were analyzed with one-way ANOVA. The pH data were first calculated as H + concentrations to avoid bias that can be introduced when the log-transformed H + concentrations are directly used. However, because H + concentration means were positively correlated with the variance it became necessary to normalize the data with a logtransformation to avoid violating the assumptions of ANOVA (for a comprehensive discussion of the problems associated with analyzing and presenting pH data see Murphy, 1982) . The relative error introduced was less than previously published by Murphy (1982) and ranged from .01 to .2%.
Results
The analysis of rabbit growth performance demonstrated that the diets did not alter the days necessary to attain 2.00 ± 0.1 kg ( P > .05). The feed conversion rate was higher in rabbits on the diet containing 45% forage than in rabbits on diets containing 0 and 15% forage ( Table 2) .
The diet × sampling time interaction was significant for glycogen levels in SM and ST muscle ( P < .01) because the decrease in glycogen content as a function of time was faster in the 0% group when compared with the other groups ( Table 3) . The difference in initial glycogen content was approximately 79 and 88% (ST muscle) and 65 and 76% (SM muscle) in animals maintained on diets containing 15 and 45% bermudagrass compared with glycogen content in the 0% group, respectively. The difference became statistically nonsignificant at the subsequent sampling times for ST muscle but was apparent at all sampling times for SM muscle.
Analysis of pH for SM muscle revealed a significant diet × sampling time interaction ( P < .01). The initial pH taken at .5 h postmortem was similar for all diets. At 24 h, 0 and 15% groups showed lower ultimate pH when compared with the 45% group.
At 24 h postmortem, the total pH decline was greater in the 0% group when compared to the 15 or 45% groups for SM muscle (.84 vs .73, and .62 units, respectively) .
Analysis of pH data in ST muscle revealed a significant main effect of diet ( P < .05) and sampling time ( P < 0.01). The diet × sampling time interaction was not significant ( P > .05). Ultimate pH values Table 3 . Effects of diet, muscle type, and sampling time on pH values and glycogen content a,b Two-way ANOVA (split plot design, with the diet as the whole plot and time as the sub-split) yielded a significant diet × time interaction for glycogen content of SM and ST muscles ( P < .01). For pH, ANOVA revealed a significant diet × interaction only for SM muscle ( P < .01). For ST muscle, ANOVA yielded a significant main effect of diet ( P < .05). The main effect of time was significant for both muscle types for glycogen content and pH determinations ( P < .01 in all cases). Means in the same column that share the same letters did not differ significantly ( P > .05; ANOVA followed by Duncan's multiple range test). showed that rabbits fed the diet with more grain (0% bermudagrass) had a lower ultimate pH than rabbits fed the diets containing 15 or 45% bermudagrass. In addition, the total pH decline was greater in ST from rabbits fed the diet containing 0% bermudagrass compared with the 15 and 45% groups (.37 vs .20 and .22 units, respectively).
Discussion
Although the diets did not affect the time necessary for rabbits to attain the established slaughter weight, they considerably affected the glycogen content of SM and ST muscle. The two muscle types from rabbits maintained on the diet containing 0% forage had higher glycogen content than those from animals on diets containing 15 or 45% bermudagrass. This result probably influenced the higher ultimate pH values found in the SM and ST muscles of rabbits maintained on the 45% bermudagrass diet. These results agree with reports of higher ultimate pH values for steaks of steers finished on forage-based diets or for lambs maintained on a high-roughage diet (Schroeder et al., 1980; Solomon et al., 1986; Berry et al., 1988) . Furthermore, dietary treatment significantly affected the total amount of glycogen that was catabolized from .5 to 3.5 h after slaughter. During this period, the total amount of glycogen degraded was .434, .092, and .169 g/100 g SM muscle for 0, 15, and 45% dietary groups, respectively. However, the pH decline was similar for all dietary groups during the same period. A similar result was observed in ST muscle. Thus, during this period after slaughter, it was not possible to establish a direct relationship between glycogen degradation and pH fall for SM and ST.
The glycogen content was approximately sixfold higher in SM than in ST at .5 h after slaughter, which is in accordance with the higher glycolytic ability of SM than of ST muscle in rabbits. In a previous study on rabbits (unpublished data), we showed that the specific activity of mitochondrial malate dehydrogenase was approximately threefold higher in SM than in ST muscle and in agreement with literature data (Correia and Correia, 1985) . The lower ultimate pH of SM when compared to ST muscle was probably related to the higher glycogen content of SM muscle.
The data obtained with cattle and lambs (Bidner et al., 1981; Solomon et al., 1988) showed that animals maintained on forage-based diets required additional time to reach slaughter weight in comparison to groups that received grain supplementation. The energy levels of forage-based diets reported in previous studies with ruminants were considerably lower than those of grain-based diets (Bidner et al., 1981; Solomon and Lynch, 1988) . The diets used in the present study with rabbits had similar energy levels and only differed in terms of energy source.
Implications
The results of the present study demonstrated that forage inclusion in diets for growing rabbits in place of maize grain caused a marked decrease in glycogen content and resulted in higher ultimate pH of two types of muscles. Taking into account the importance of glycogen level in the process of pH fall and ultimate pH and the importance of pH for meat quality, one would expect the meat of rabbits maintained on forage-based diets to deteriorate more rapidly than meat of grain-fed rabbits. Thus, it would be desirable to develop feeding practices that ensure a suitable glycogen level just before slaughter in rabbits maintained on forage-based diets.
